Eighty-seven out of 575 gonococci isolated in Greece from 1991 to 1998 belonged to serovar Bropyst and exhibited resistance to penicillin, tetracycline, erythromycin, and chloramphenicol. Conventional and molecular typing showed three clusters, A, B, and C, that were associated with networks of high-frequency transmitters (cluster A with homosexuals and clusters B and C with refugees from Eastern Europe). Study of one isolate revealed mutations in the penA, mtrR, and porB genes that may explain the multidrug-resistant phenotype.
The decrease in the incidence of gonorrhea in Greece since 1986 was accompanied by changes in the epidemiology of the disease and an increase in the relative frequency of multidrugresistant (Multi-R) Neisseria gonorrhoeae isolates (10, 16) . Similar changes have occurred in other European countries and the United States (4, 17) . Plasmid-determined resistance to penicillin and tetracycline and resistance to one or more antibiotic classes due to various chromosomal mutations have been described in gonococci (4, 6) . In this study, we examined a group of Multi-R N. gonorrhoeae strains isolated in Greece from 1991 to 1998.
A total of 575 gonococcal isolates were collected in the National Reference Center for Neisseria gonorrhoeae during the 8-year study period. They were from cases of male gonococcal urethritis seen in the two major Greek sexually transmitted disease hospitals located in Athens and Thessaloniki (483 and 92 patients, respectively). All isolates were accompanied by a patient questionnaire with epidemiologic information about nationality, residence, sexual orientation, previous antibiotic use, recent travel abroad, and sexual partner. Antimicrobial susceptibilities of the isolates were determined by the Etest (AB Biodisk) on GC agar supplemented with Vitox (Oxoid) at 35°C and 5% CO 2 . Susceptibility to Triton X-100 was assessed by an agar dilution technique. Penicillinase production was detected with a nitrocefin assay (Oxoid). Serological classification with the Phadebact GC serovar test (Boule Diagnostics), auxotyping, and plasmid DNA analysis were performed as described previously (16) . Phenotypically identical isolates were further typed by pulsed-field gel electrophoresis (PFGE) after digestion of genomic DNA with SpeI endonuclease (New England BioLabs) as described previously (11) . For PCR amplification, total DNA prepared by the method of Murray and Thomson (12) was used as template DNA. A region including the transpeptidase domain of the penA gene (nucleotides 933 to 1794; GenBank accession no. X07468) was amplified by using oligonucleotide primers PA1 (5Ј-CGATAT GATCGAACCTGG-3Ј) and PA2 (5Ј-ACAATCTCGTTGAT ACTCG-3Ј). To amplify the promoter and coding regions of the multiple transferable resistance regulator (mtrR) gene (nucleotides 860 to 1775; GenBank accession no. Z25796), primers MTR1 (5Ј-AACAGGCATTCTTATTTCAG-3Ј) and MTR2 (5Ј-TTAGAAGAATGCTTTGTGTC-3Ј) were used. For the amplification of a part of the porin (por) gene (nucleotides 160 to 917; EMBL accession no. AJ004943), primers PorB1 (5Ј-AAAGGCCAAGAAGACCTCGGC-3Ј) and PorB2 (5Ј-GAGAAGTCGTATTCCGCACCG-3Ј) were used. PCR products were prepared with a PCR Product Pre-Sequencing kit (United States Biochemicals), and the nucleotide sequences were determined with a Sequenase 2.0 kit (United States Biochemicals).
Analysis of serotyping and antibiotic susceptibility data from all 575 gonococci revealed a strong association between a newly emerged serovar and a Multi-R phenotype. Eighty-nine isolates, including 16 (36.4%) out of 44 penicillinase-producing and 73 (13.7%) out of 531 non-penicillinase-producing strains, were allocated to serovar Bropyst, which was not encountered among gonococci isolated in Greece before 1991. For all but two of the Bropyst isolates, the MICs were above or close to the respective resistance breakpoints for erythromycin, tetracycline, and chloramphenicol, and also for penicillin G, even in the absence of penicillinase production (13) . MICs of cefotaxime were increased compared with those for the rest of the gonococcal population. Similarly, MICs of norfloxacin and ciprofloxacin, although within the susceptible range (9, 13), were consistently higher than those for the other non-quinoloneresistant isolates ( Table 1 ). The same phenotype was observed in only 16 non-Bropyst strains scattered among 11 IB serovars (chi-square test, P Ͻ 0.001). Triton X-100 did not inhibit the growth of the Multi-R Bropyst isolates at a concentration of 8,000 g/ml, while its MICs ranged from 16 to 125 g/ml for 40 randomly selected isolates with other susceptibility phenotypes that were tested in parallel. Resistance to Triton X-100 suggested the operation of a multidrug efflux mechanism in Bropyst isolates (14) .
Typing results are summarized in Table 2 . Auxotyping, com-bined with plasmid content analysis, classified the majority of the Bropyst isolates into three main groups. The largest consisted of 49 prototrophs carrying only the cryptic plasmid (Proto/cryptic) and was followed by 12 proline-requiring isolates with the cryptic plasmid (P Ϫ /cryptic) and 12 hypoxanthine-requiring isolates with the African-type penicillin resistance plasmid plus the conjugative and cryptic plasmids (H Ϫ / African ϩ ). Accordingly, PFGE classified Multi-R isolates with Proto/cryptic, P Ϫ /cryptic, and H Ϫ /African ϩ characters into three clusters, A, B, and C, respectively, each comprising isolates with patterns differing in less than four bands. Four proline-dependent isolates with Asian-type penicillin resistance and the cryptic plasmid (P Ϫ /Asian Ϫ ) exhibited pulsotypes similar to those of the P Ϫ /cryptic isolates and were therefore classified in cluster B. With the exception of penicillin resistance status, the antibiotic susceptibility patterns observed in the three clusters were similar. The two antibiotic-sensitive Bropyst strains (Proto/cryptic and P Ϫ /cryptic) displayed unique pulsotypes ( Fig. 1 ).
Isolates of all three types were obtained in both participating hospitals. By reviewing patient data, we could not trace any association of cases within each cluster. Nevertheless, type B infections that occurred between 1992 and 1995, as well as type C infections appearing since 1994, were clearly associated with acquisition of infection either in Eastern Europe (mainly in Russia and Romania) or in Greece from contacts involving immigrants from Eastern Europe (chi-square test, P Ͻ 0.001 for type B and P Ͻ 0.005 for type C). Type A emerged in 1993 and persisted through 1998, with a peak in frequency during 1997. Except for the two initial isolates, deriving from patients stating that they had been infected "abroad," all of the other isolates in this cluster were from infections acquired in Greece. Up to 1995, type A gonococci were isolated only from heterosexuals. Since 1996, however, type A was associated with homosexual contacts (among 37 type A isolates in the period 1996 to 1998, 16 were from homosexuals, representing 37% of all homosexual patients seen during the same period; chisquare test, P Ͻ 0.002). Time and type distribution of the Bropyst isolates is presented in Fig. 2 . The mechanisms contributing to the Multi-R phenotype were investigated in an isolate representative of the A cluster. The penA gene contained a GAC insertion between codons 345 and 346 of the wild-type sequence. Thus, PBP-2 contained an additional aspartic acid (Asp-345a). Five point mutations resulting in the following substitutions were also observed: Tyr3833His, Phe5043Leu, Ala5103Val, Ala5163Gly, and Pro5513Leu. The amplified mtr segments had a single base pair (A/T) deletion in the 13-bp inverted repeat between the mtrR and mtrC genes. Also, a C-to-T transition in the mtrR coding region resulted in substitution of Tyr for His-105. The deduced amino acid sequence of the por PCR product (codons 68 to 124) differed from wild-type Por (5) at two residues; positions 101 and 102 were occupied by Asn-Asp instead of Gly-Ala.
These mutations may partly explain the resistance phenotype of the Bropyst isolates. The extra Asp-345a in PBP-2 and the substitutions at positions 504, 510, 516, and 551 reduce affinity for ␤-lactam antibiotics (1, 3) . The change at position 383 has not been reported previously. Resistance to hydrophobic antimicrobials could be attributed to the detected mutations in the mtr locus. The A/T deletion and the substitution of Tyr for His-105 in MtrR result in more efficient pump production and, consequently, increased efflux of the hydrophobic antibiotics erythromycin and chloramphenicol and the detergent Triton X-100 (14, 19) . The amplified por segment included putative loop 3 (residues 100 to 128) of the Por protein.
The presence of Asp-101 and Asp-102 has been associated with decreased permeability to penicillin and tetracycline (5) . In the strain examined, aspartic acid was found only at position 102. The simultaneous presence of other chromosomal mutations does not allow an assessment of the role of the latter alteration.
The increasing incidence of isolates exhibiting a distinct Multi-R phenotype and belonging to a previously rare serovar suggested the spread of epidemiologically related strains. Detailed typing, however, showed a certain degree of diversity. The three main clusters found among Bropyst isolates were associated with particular transmission networks. Types B and C seemed to have originated in Eastern Europe and, once introduced, persisted in the Greek community for at least 5 years, sustained mostly by economic refugees. The origin of type A gonococci was not determined. Initially appearing among Greek heterosexuals, isolates of this type reached high frequencies after their introduction into the network of men having sex with men (MSM), where they are still present (unpublished observations).
The present study showed that a number of N. gonorrhoeae strains currently circulating in the Greek community possess chromosomal mutations that confer resistance to multiple antibiotic classes. Furthermore, epidemiological and typing data indicated that these strains persist in core population groups. A similar finding, i.e., an MSM-associated outbreak of Proto/ IB-1 gonococci possessing mtr mutations, has been recently described in Seattle-King County, Wash. (2, 18) . Outbreaks within groups of high-frequency transmitters due to resistant strains of N. gonorrhoeae have been repeatedly reported during the last decade (2, 7, 8, 11, 15, 18) . In none of these studies was a clear association with antibiotic usage established, nor could such an association be shown in the present study. Only a few of the patients reported occasional use of antibiotics in the 3-month period preceding infection. As suggested previously, the persistence of resistant gonococcal strains in a community may be favored by core group-associated factors, such as higher transmissibility or longer duration of infectiousness, of which antibiotic resistance may be simply a marker (8) . Nevertheless, the unregulated use of various antibiotics, including penicillins, macrolides, and fluorinated quinolones that are available over the counter in Greece may have contributed to the establishment of the Multi-R N. gonorrhoeae strains. Also, the persistence of such strains within the group of MSM may be facilitated by the mtr and penB mutations, which could be advantageous for survival on mucosal surfaces (14) .
Irrespective of the selection process, it seems that gonococcal strains with decreased susceptibility to cephalosporins and fluoroquinolones have been established in the Greek community. In that respect, the selective use of spectinomycin, to which all of the isolates tested were susceptible (data not shown), should be considered.
